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INTRODUCTION 

At the request of the Air Technical Service Command, Army 
Air Forces, a general investigation of the suitability of aromatic 
amines as antiknock additives for aviation gasoline haB been con- 
ducted at the NACA Cleveland laooratory between April 1943 and 
April 1945. The program included the determinations of antiknock 
effectiveness (references 1 to 6), of suitability for overwater 
storage (reference 7), and of the solubility in gasoline at low- 
temperatures (references 8 and 9) Cor aviation gasolines contain- 
ing aromatic amines. 

The present paper is the third and final report on the solu- 
bilities of amines in aviation gasoline at low temperatures, such 
as would be encountered in cold-weather operation or in flight, 
and summarizes the data reported in the first two papers (refer- 
ences 8 and 9)j solubilities of seven additional amines, I.'-methyl- 
o-toluidine, N-methyl-toluidines from chi iro toluenes, o-ethyl- 
aniline, N-me thyl -jo-e thylani 1 in e , N-methylethylaniline (mixed 
isomers from ohloroethylbenzenes ) , H-methyl-p-isopropylaniline, 
and N-methyldiphenylamine, are inoluded herein. Solubilities of 
the 42 amines were measured at temperatures as low as -65° C, 6° 
below the usual Army-Navy freezing specif ioation of -60° C, and at 
concentrations as high as 10 percent by weight, well above the 1- 
to 3-peroent range in which amines have been used in gasoline. 
Determination of solubility at -60° C was a particular objective 
in obtaining the data. Beoause gasoline composition affects the 
solubility of the aminos, solubilities wore determined in an 
aromatic-free gasoline, a gasoline of known aromatic oontent, and 
a typical AH-F-28 fuel. 
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GASOLINE AND A.MINE SPECIFICATIONS 

The base fuels used for the present investigation are the 
sane as those used in referenoos 8 and 9 and have the following 
compositions: 

1. Grade 65 base stock from which aromatic hydrocarbons 

wore successively extracted with 10 percent fuming 
sulfurio acid and silica gel. 

2. Extracted grade 65 base stock to which was added 15 

peroont by volume of an aroma tio -hydro carbon mixture 
of five parts xylene, .two parts cumene, and one part 
toluene 

3. Different batches of typical current aviation gasoline, 

AN-F-28, Amendment-2, fuel containing 12 to 20 per- 
cent aroma tio hydro oarbons by volume 

Die physioal properties determined at tho Cleveland labora- 
tory fer the amines are given in table I. Die amines reported 
herein for the first time aro N-methyl-o-toluidine, N-mcthyl- 
toluidines from ohloro toluenes , o-ethylaniline, N-methyl-p- 
ethylaniline, II -me thy 1 -e thylani 1 ine (mixod isomors from chloro- 
e thy lben zenos), H-methyl-£-isopropyl aniline, and K-mothyl- 
diphenylamino . 


APPARADJS AND PROCEDURE 

Oho apparatus used is 3hown in figure 1. A gasoline-sample 
tube 30 by 2.5 centimeters was provided with a vent and drying 
tube, an air-mo tor-dr i von glass stirrer rotating in a bushing, 
and a three- junction iron-cons tan tan thermopile. Tho gasoline-- 
sample tubG was held in place with a rubber stoppor in a 25 by 7 
centimeter dear glass Dewar flaslc throu^ which acetone as a 
coolant was oiroulated by a centrifugal pump. Die acetone was 
cooled by circulating it through approximately 35 feet of ooppor 
tubing coiled in a dry-ice kerosene bath. Dio coolant temperature 
was regulated by means of a valve line bypassing tho refrigeration 
bath. A thermometer in a well in tho coolant line permitted visual 
observation of tho ooolant temperature. He Dewar flash containing 
tlie sample tube was supported in a tight-fitting insulated box pro- 
vided with windows, A small quantity of phosphorous pontoxide was 
plaoed in the bottom of the insulated box as a drying agent to pro- 
vent fogging of tho glass Dowar flask by oondensed water, Tho 
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three- junction iron-oons tan tan thermopile was used, to measure the 
gp-solino temperature with dis tilled-water ioe as the standard re- 
ference temperature. Die thermopile was oalibratod against a 
platin’om resistance thermorae tor , which had been calibrated by the 
National Bureau of Standards. 

Dio samples wore proparod by woighing a quantity of the aro- 
matio amino on an analytical balance and then adding gasoline to 
the amt nn until the resulting solution had a specif iod amino content. 

The gasoline solution was transferred to tho sample tubo. The 
glass stirrer was started and tho solution was slowly coolod until 
the amine separated from the gasoline and formed a cloud; this tem- 
perature was recordod. Tho solution was then Blowly warmod until 
the amino wont into solution and the cloud disappeared. Those two 
temperatures were averaged to give the inoipient-soparation temper- 
ature or "cloud point." Cloud points wore roproduciblo among sam- 
ples to within ±1.5° C. 

Data for N-butylaniline, js-toluidino, p -tort- bu tylani 1 ine and 
2, 4, 6-trimothylaniline are not inoludod in this report beoauso . 
their solubilities wero detsrmi.iod by the saturation method (rofer- 
onco 8) and the acouraoy of tho previously roportod rosults is 
doubtful. At constant temperature a somplo of gasoline saturatod 
with amine is drawn through a filter tubo into a oooled receiving 
vessel by low pressure. The amino has a tendency to so cleg tho 
ohamois filter that at low pressure some of the gasoline is trans- 
ferred by vaporization to tho receiver. Inasmuch as the amine is 
not transferred with tho -roporizod gasoline, tho rosults by tho 
saturation method tend to be lew. 


RESULTS AND DISCUSSION 

Tho solubilitios of tho amines in the aroma tio-free gasoline, 
in the gasoline of 16 percent aroma tic oontent, and in the AN-F-28 
fuel aro presontod in .figures 2, 3, and 4 # respectively. The aminos 
that wore soluble to at loast 10 poroent by woight at -60° C in eaoh 
of the gasolines aret 

N-E thy lani 1 ine 
N-Pr opyl ani lino 
N-Isopropylanilino 
N -tert- Bu tylani 1 ino 
N ,N-£>ie thy 1 ani line 
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N-Me thyl -£- to lui dine 
N-M© thyl -o- toluidine 

N-He thyl toluidine s (from ohlorotoluonos) 

N-E thyl-D_- to luidino 
N-Isopr opyl -j>- toluidine 
N -Me thy 1 -£-o thy la nil ine 

N-I&jthylothylaniline, mixed isomers (from chlorocthylbenzones) 

o-Isopropylariilino 

p-Isopropylaniline 

K-lto thyl -£-i e opropylani 1 in o 

K-Isopropyl-]>-isopropylaniline 

Cumidines (frem synthetio cumenes) 

Cumidinos (from rofinery oumonos) 

N-ifethylcumidines (from bromocumenos) 

N-Mo thyl -p - tor t- bu tylani lino 
N-Mo thyl-Z,4-xylidino 
N-Tfothylxylidinos (from bromoxylenos) 

2,4-Diothylanilino 
2-Methyl-5-isopropylaniline 
N , :i-Dimo thy 1 - 2 -me thy 1 - 5 - i s opropyl nni 1 ino 
N f K-D imo thy 1 - 2.4,6-trimo thy iani lino 
Psoudocumidino ( technical ) 

At room tomporatn.ro N-me thyl-£-phonylenodiamino and £-phopylono- 
diamino woro loss than 0.5 percent by -weight oolublo in tho tost 
gasolines; no additional solubility data were tokon for the so com- 
pounds. At room tempera turo ’-dimothyl-p-phonylouodianine was 

soluble to tho extont of 1 to 2 poroont by weight but was too un- 
stablo to permit aocurato moasuromont of solubility by tho method 
employed, N.N-Dio t!\vl-£_-phcnyl one diamine was tostod only in tho 
aroma tic -f re o gasoline. 

The composition of tiio gasolino influenced tho amino solu- 
bilitios to a largo extent. Tho addit'on of 15 porcont aroma tios 
to tho aromatic-free gasolino approximately doubled or triplod tho 
amino solubility. Solubilities in tho A*i-F-28 fuel were cf the same 
magnitude as in tho gasoline containing 15 percent aromatics. Rep- 
resentative samples of AN-F-28 fuel contained 12 to 20 percent by 
volume of aromatics. 

A summary of the solubilities of tho aminos at -60° C in tho 
difforont tost gasolinos is prosonted in table II. Bio results woro 
obtained by interpolating or extrapolating the experimental data. 

Tho data for commercial xylidinos obtained from referonoo 10 are 
inoludod for comparison. 
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Qhc solubility of an'aromatio amine in the aroma tic-free 
gp.Bolino at -60°- C may be taken as an indication of the maximum, 
oonoontratipn in which tho amino may bo added to currant aviation 
fuels on "die basis of solubilily alone. Dio aroma tie hydrocarbons 
prosent in most of the current aviation fuels would provide a mar- 
gin of safoiy in preventing this concentration of amino from sep- 
arating at -60° C. 

CONCLUSIONS 

Dio following amines meet prosont Army-Navy froozing Bpooifi- 
catLons when blondod with aviation gasoline in concentrations up 
to 2 poroont by T;oight: 

II-Me thyloniline 
N-Ethylanillno 
N-J ropylaniline 
N-Isopropvlaniline 
N-tcrt-Butyl aniline 
IT.N-bimo thyloniline 
N f N-Dic thylaniline 
N-Me thyl -p- to lui dino 
N-Mo thyl-o- toluidino 

N-Mo thyl to luidinos (from ohlorotoluonos ) 

N-E thyl -£- toluidino 
N-Isopropyl-p- toluidino 
N-Mo thyl -p-a thy lan i 1 ino 

N-Mo thylothylani lino, mixod isoraors (from chloroothylbonzcnos) 

o-Isopropylonilino 

p-Ioopropylanilino 

N-iMo thyl -p-i sopropylanilinr- 

N-Isopropyl-p-isopropylnnilino 

Cumidinos (from syndiotLc ouraonos) 

Cumidinos (from refinery cumonos) 

N-Mothyl-p- tort- bu-tylanllino 
Xylidines (commorcial) 

N-Mo thyl-2 , 4-xy lidinc, 

N-Mothylxylidinos (from bromoxylonos) 

2, 4-Diothyl aniline 
2 -Mo ihyl -5-isopropylanil ino 
N ,N-Dinw thyl-2-mo thyl-6-isopropylanilir o 
N ,N-Dime thyl-2 ,4,6- trime thylaniline 
Psoudooumidino (technical) 

IWiothyldiphonylamino 
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Adding an alkyl group to tho nitrogen of the amino had a 
greater solubilizing of foot than adding tho same alkyl group to 
tho oronatio ring. For oxamplo, N-me thylonilino is more solublo 
t han any of -the toluidines and N-o thy lani lino is more solublo 
than o-cthylanilino. 


Airoraft Engine Research Laboratory, 

National Advisory Coramittoo for Aeronautics, 
Cleveland, Ohio, Novonibor 9, 1945. 
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TABLE I - PHYSICAL PROPERTIES OF AROMATIC AMINES 


Amine 


Aniline 

N-Methylaniline 

N-Ethylaniline 

N-Propylaniline 

K- Isopropylaniline 

K- tert- Butylanlllne 

N,N-DImethylaniline 

N,N-Diethylanlllne 

o-Toluidine 

m-Toluidine 

D- Me thyl- p- toluldine 

N-Methyl-o- toluldine 

K-Methyltoluidines (from chlorotoluenes ) 
N-Ethyl-£- toluldine 
N- Is opropyl-£- toluidi ne 
o-Ethylaniline 
t?-Methyl-rv- ethylaniline 
N-Methyleshylanlline, mixed isomers 
(from chloroethylbenzenes ) 
o- Is opr opyl aniline 
p- Isopropylaniline 
Tf-Me thyl- jp- I sopropylaniline 
H- Isopropyl-g- isopropylaniline 
Cumidines (from synthetic cumenes) 
Cumidines (from refinery cumenes) 
N-Mefchylcumidines (from bromocumenes ) 

B- Me thyl-P- tert - butyl aniline 
2-Methoxyanlline 
Xylidines (commercial) 

2,6-Xylidlne 

N-Methyl-2,4-xylldine 

N-Methylxylidines (from bromoxylenes ) 

2,4-DIethylaniline 

2-Me thyl- 5- Is opropylani line 

N, N-Dime thyl-2-me thyl- 5- is opropylani line 

N,N-Dimethyl-2,4,6-trimethylaniline 

Pseudocumidine (technical) 

Diphenylamine 

p-Phenylenediamine 

If- Me thyl- p- phe nylene diamine 

N, N-Diraetnyl-£- phenyl e ne d i amine 

N,N-DIethyl-p-phenylenediamine 

N , N * -Dime thyi-£- phenylene d i amine 

N-Methyldiphenylamine 


Boiling range a 
( 8 C) 

Index of 
refraction 

"a 20 

Density 

(grams/ 

ml) 

184-184.5 

1.5853 

1.0220 

195-196 

1.5704 

.9860 

203-204 

1 .5538 

.9607 

220.5-223.5 

1.5425 

.9448 

206.5-209 

1.5404 

.9374 

95 at 16 mm 

1.5270 

.9244 

192.5-193.5 

1.5580 

.9564 

215-217 

1.5418 

.9347 

198.5-201.5 

1 .5718 

.9989 

202.5-203.5 

1.5674 

.9893 

209-211 

1.5570 

.9610 

206.5-207.5 

1.5646 

.9763 

208.5-215.0 

1.5600 

.9668 

217-220 

1.5439 

.9441 

222-223 

1.5319 

.9238 

211 

1.5602 

.9810 

227.5 

1.5485 

.9485 

222.5-230.5 

1.5493 

.9503 

219-220 

1.5484 

.9643 

225.5-226.5 

1.5432 

.9514 

240 

1.5390 

.9347 

246-247 

1.5209 

.9075 

225-226 

1.5448 

.9536 

220-241 

1.5434 

.9531 

237.5-241.5 

1.5390 

.9366 

245.5-249.5 

1.5348 

.9305 

224-225 

1.5750 

1.0931 

216-219.5 

1.5601 

.9771 

216-217 

1.5616 

.9768 

221-222 

1.5542 

.9582 

220-227 

1.5540 

.9586 

241-242 

1.5433 

.9511 

240-242 

1.5408 

.9436 

84 at 5 mm 

1.5124 

.9028 

213.5 

1.5116 

.9066 

225*241 
b 52.9-53.6 
b 140. 0-142.0 

1.5568 

.9720 

121 at 5 mm 
108-111 at 4-5 mm 
117 at 2.5 mm 
117 at 1 nan 

1.621 


295-296 

1.6224 

1.0527 


foiling range at 760 mm Hg except where noted. 

^Melting point measured for this solid rather than boiling range. 
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TABLE II - SOLUBILITY OP AROMATIC AMINES 
IM THREE AVIATION FUELS AT -60° C 


(percentages by weight) 



Aromatic- 

Aromatic-free 



free 

grade 65 plus 


Amine 

grade 65 

15 percent by 

AN- P-28 


volume a aro- 

matlcs 



Aniline 


o 


0 O 



N-Methylaniline 

3.6 

12(-62° C) 

>10 

N-Ethylaniline 

>10 

>10 

>10 

N- Propyl aniline 

>10 

>10 

>10 

N-Isopropylaniline 

>10 

>10 

>10 

N- tert - But ylan iline 

>10 

>10 

>10 

N, N-filmethylaniline 

4.7 

9.e 

8.3 

N, N-Diethylaniline 

>10 

>10 

>10 

o-Toluldine 

1.3 

4.2 

4.4 

m-Toluidine 

<0.5 

2.6 

3.6 

Tf-Methyl-£- toluidine 

>10 

>10 

>10 

N-Methyl-o- toluidine 

>10 

>10 

>10 

N-Methyltoluidines (from chlorotoluenes ) 

>10 

>10 

>10 

N-Ethyl-£- toluidine 

>10 

>10 

>10 

N- Isopropyl-ja- toluidine 

>10 

>10 

>10 

o- Ethyl aniline 

0.9 

>10 

>10 

TJ- Methyl- p- ethylaniline 
N-Methylethylaniline , mixed isomers 

>10 

>10 

>10 

>10 

>10 

>10 

(from chloroethylbenzenes } 
o-Isopropylanillne 

>10 

>10 

>10 

p- Isopropyl aniline 

>10 

>10 

>10 

N-Me thyl -p-isopropylani line 

>10 

>10 

>10 

N- Is opropyl-ja- isopropyl aniline 

>10 

>10 

>10 

Cumidlnes (from synthetic cumenes) 

>10 

>10 

>10 

Cumidines (from refinery cumenes) 

>10 

>10 

>10 

N-Methylcumidines (from bromocumenes ) 

>10 

>10 

>10 

N-Methyl-p- tert-butylaniline 

>10 

>10 

>10 

2-MethoxyaniHne 

<0.5 

<0.5 

<0.5 

Xylidlnes (commercial) reference 10 

3.7 

>10 

>10 

2,6-Xylidine 

4.6 

11.1 

9.1 

N- Methyl-2, 4-xylidine 

>10 

>10 

>10 

N- Me thylxyli dines (from bromoxylenes ) 

>10 

>10 

>10 

2,4-Diethylaniline 

>10 

>10 

>10 

2-Methyl-5-isopropylaniline 

>10 

>10 

>10 

N , N-Dime thyl-2-me thyl- 5- 1 s opropylani line 

>10 

>10 

>10 

N , N-DIme thy 1- 2 , 4 , 6- 1 r ime thyl aniline 

>10 

>10 

>10 

Pseudocumidine (technical) 
DIphenylamine 

>10 

<0.5 

>10 

>10 

b <0.5 


p-Phenylene diamine 

b <0.5 

b <0.5 

N-Methyl-p-phenylenediamine 
N, N-DIme tnyl-£- phenylenediamine 

b <0.5 

b <0.5 

b <0.5 

<0.5 

<0.5 

<0.5 

<0.5 

N,N-Diethyl-p-phenylenediamlne 
N, N ' -Dime thyl-_g- phenyl e ne d i ami ne 





>10 

>10 

N-Methyldiphenylamine 

3*3 


a Arc*natic mixture consisted of five parts xylene, two parts cumene, and 
one part toluene. 
b Solubility at room temperature. 
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Coolant-thernoneter well 
Insulating box 
Bypass and valve 
Saaple tube 

Three- junct ion , iron-constantan 
thernop i le 
Dewar flask 
Stirrer 

Cold- junction bath 
Centrifugal circulating puap, 
variable speed 
Refrigerating bath 



Figure I. - Apparatus for the determination of cloud point. 
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F N-Methyldlphenylamlhe 
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Amine concentration, percent by weight 

Figure 2. - Solubility of aromatic amines in grade 65 base stock witl 
the aromatic hydrocarbons extracted. 
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Amine concentration, percent by weight 


Figure ~ Solubility of aromatic amines in blend of percent 
extracted grade 05 base stock and 15 percent by volume of aromatic 
mixture consisting of 15 parts xylene, 2 parts cumene, and 1 part 
toluene. 


Incipient- separation temperature. 
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N,N-Dlmethyl-g- 

phenylenedlamlne 

Dlphenylamlne 

Aniline 

2— Methoxyanlllne 
m-Toluldlne 
o-Toluldlne 
N-Methylanlllne 
N, N-Dlmethylanlllne 


Army-Navy freezing- : 

point specification l 

I I I It I I I I I I I I I J » 1 H I I I I I I I I . I I I I I 1 11 I . I . I I ...... . .... .... ... 

2 ■ **• 6 6 10 12 14 16 

Amine concentration, percent by weight 

Solubility of aromatic amines in AN-P-2S, Amendment-2, fuel. 




